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SUMMARY

Complete pressure—distribution measwrements were made over a
2h-inch—chord NACA 66,1-115 airfoll section equipped with unsealed
QOSPercenb-chord plain allerons of true—eirfoil-contour profile and
30" beveled—tralling-edge profile. ‘The model was tested with aerody~
namically smooth surfacés. Section characteristics including airfoll
normal-force, pltching-moment, aileron normat-force, and hinge-moment
coefficients were determined from the pressure data for Mach numbers
up to 0.75, and for various airfoll angles of attack and aileron
deflections.. The test Reynolds mumber at ‘thé highest speed
was T.5 X 106.

The aileron section effectiveness for both alleron profiles decreased .
appreciably with Mach number. The rate of change of airfoll sectlon
pitching-moment coefficient with respect to angle of attack at constant
value of airfoil sectlon normal—force coefficient increpased with Mach
number for both alleron profiles and thereby aggravated the wing-twist
problem at high speeds. Changing the alleron profile from the true—contour
profile to the 30° beveled—trailing-edge profile caused a decrease in
alleron sectlion effectiveness, irregular hinge-moment characteristics with
over—balance at moderate deflections, .a decrease in the sectlon normal—
force—coefficient—curve slopes, a decrease in aileron section.loads, and a
déecrease in gection critical Mach number of the alrfoll at the larger nege—
tive deflections at constant alrfoll sectlon normal—force coefficient.

INTRODUCTION

The NACA has conducted extensive low-epeed control-surface investi-
gatlons over a period of years. Several investigations have been made at
higher speeds to study the effects of compressibility on control—surface
characteristics. Tncluded in such high—speed investigations are the two—
dimensionel tests of references 1 to 3. A fuller knowledge of the effects
of campressibility, however, is needed. In 1942 tests were made of the
gection characteristics of plain, unseesled aileroms on an NACA 66,1115
airfoil section in the Langley 8-foot high—speed timmnel. The complete
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2 NACA TN No. 1596

analysis and publicaetion of the results of these tests were deferred
owing to the exigencies of other problems more closely connected with
the waer effort. The results are being published at this time to add
to exlisting Information on the effects of compressibility on wings
with various types of control surfaces.

The specific purpose of the present tests was to determine the
high-speed characteristics of an NACA 66,1—115 low-drag alrfoil section
equipped with 20-percent—chord plain allerons. A true—contour alleron
having ordinates the sams as those of the rear part of the NACA 66,1-115
alrfoll section was one of the allerons “tested. The results of
reference 4 had shown, both theoretically and experimentally at low
speeds, that the hinge moments of a control surface could be reduced by
thickenlng and beveling the trailling edge. Additional tests were made,
therefore, to determine the effects of compresslbility on an
NACA 66,1-115 airfoil section equipped with a beveled—trailing-edge
aileron. ’

Section characteristics were determined from complete pressure
distributions over the maln portion of the airfoil and the aileron.

The tests were made for Mach numbers up to 0.75 and Included various
wing angles of attack and aileron deflections.

SYMBOIS

The term "main portion of the airfoil™ is used herein to mean
that part of the alrfoll excludling thse aileron. The asrodynemlic coef—
ficlents and other symbols used in thls paper are as follows:

a speed of sound in vndisturbed streem.

c section chord of airfoil with aileron neutral (fig. 1)
(2.000.ft on model)

Cym chord of maln portion of airfoil

sectlon chord of alleron msasured along chord from hinge axls
of aileron to tralling edge of aileron (0.400 £t on model)

Ch section hinge—moment coefficilent of aileron about hinge axis deter—
mined from pressure—distribution data; component due to alleron

Ca
2
chord. force neglected g o
Sl O LN
0
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Cm section pitching—moment coefficient of airfoll about quarter—
chord point of alrfoil due to normal forces on main portion
of alrfoil end aileron; components due to chord forces on
main portion of wing and alleron neglected

M Ca
<ECL_>Z[/‘ (PU - PL><x - %) ax + (PU - PL>x dx — cnaca<xh - % os B,
0 0

-

+ Cnacayh sin &4

c section normal—force coefflclent of airfoll determined from
pressure—distribution data; component due to aileron chord

force neglected <%GMCDM + cacrJa cos 58>>

c section normal—force coefficient of main portion of ailrfoll

c
- M
determined from pressure—distribution datsa ci' (PL - P@dx
. M
o
crla section normal—force coefficient of aileron determined from pres;-
c
. a
sure-distribution data | - (PL -~ P@d_x
Ca
—r
M Mach number (V/a)
Mep critical Mach number; that is, Mach number in undisturbed

stream at which local velocity first reaches local velocity
of sound at any point on ailrfoil surface

I) —
P pressure coefficlent < : >

q
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critical pressure coefficlent; that is, pressure coefficilent

o at any point on airfoil surface where local velocity is

equal to local velocity of sound

P ,8tatic pressure in undisturbed stream

i) loceal static pressure at a point on airfoil section

q dynamic pressure in undisturbed stream (%pV2>

R Reynolds mummber (Ve /i)

r radius of round nose of aileron (0.0710 £t on model)

v velocity In wndisturbed stream

x distance along chord from leading edge of alrfoil or from
hinge axis of aileron

Xy, hingei;;iiﬁ J(ifgg:éo?taizniguoigoil chord from leading edge of

Ty hinge-axis location normal to chord (0.0075 ft above chord
on model)

a angle of attack

By, aileron deflection; positive when trailing edge 1s down

o] mass density in undlsturbsd streem

T coefficient of viscosity in undisturbed streem

Subscfipts:

U upper surface

L lower surface

APPARATUS AND METHODS

Apparatus.— The tests were made in the Langley 8-foot high-speed
tunnel, which is of the single-return, circular—cross-section, closed-
throat type. The air-stream turbulence, as indicated by comparative
airfoil measurements and by hot—wire measurements, is amall but slightly
higher than that of the Langley two—dimensional low~turbulence pressure
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tunnel or that of free air. At the time of the tests, the maximm Mach
number of the tunnel was approximately 0.75.

The model used in this investigetion was a 24—inch-chord airfoil
with a 20—percent—chord plaln aileron, was of uniform cross section,
and spanned the tumnel test section. The maln portion of the ailrfoil
passed through the walls of the tunnel with a small clearance gap and
was attached to the balence frame of the tunnel in a manner typical of
model installation in the Langley 8-foot high-speed tunnel for tests of
this type (fig. 1). A gap of 1/16 inch was maintained between the ends
of the alleron and the tunnel walls to permit deflection of the alleron.
The main portion of the model was of two—-steel—spar construction

with %—inch steel ribs and %-inch cold—finished—stesl skin built to

conform to the ordinates of the NACA 66,1-115 airfoil section as given
in table I.

Two aileron shapes were tested, and these shapes are designated as
the true—contour aileron and the beveled—trailing—edge aileron. The
general dimensions of the airfoll section are given in figure 2, and of the
ailleron sections, in figure 3. The profile of the true—contour alleron
corresponded to the ordinates of the rear part of the NACA 66,1-115
airfoil sectiog. The profile of the beveled—trailing-edge alleron was
formed by a 30" tralling—edge angle and straight lines as shown in
figure 3; thus a proflle which was thicker than that of the true—contour
alleron resulted. The allerons were construcied of solid dural and
were Interchangeably attached to the same main portion of the model by
8ix clamp—type hinges. The allerons had no aerodynsmic nose balance.

To seal was used between the main portion of the airfoil and the aileron
at any time during the tests. The gap between the aileron and the
alleron cover plates on both upper and lower surfaces was 0.002¢c (fig. 2).

The cover pletes were made of %—inch steel.

Bufficient statlc—pressure orifices were installed on the main
portion of the model and on the ailerons to determine the complete
Pressure distribution over the airfoil (fig. 2). The orifices were
located in the region of the midspan of the model. The tests were made
with a model having aerodynamically smooth surfaces.

Test procedure.— Alrfoll normal—force, airfoil pitching—moment,
alleron normal—force, and alleron hinge-moment data were determined from
statlc—pressure—distribution measurements which were obtained by photo—
graphing a multiple—tube liquild manometer. The tests were made at
various angles of attack and aileron deflections. Data were obtained
for both aileron configurations at moderate deflections at Mach numbers
of 0.25, 0.35, 0.457, 0.55, 0.60, 0.65, 0.70, 0.725, and approximately
0.75; data were obtained also at Mach numbers of 0.45, 0.50, and 0.675
for the true—contour aileron. Data for the larger aileron deflections were
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obtained at maximm test Mach numbers which were lower than those for
the moderate deflectlons. The test procedure consisted of setting the
ailleron at a glven deflection and then making tests through the angle—
of-attack range at each of the test Mach numbers. The Reynolds number
range of the tests is shown in figure L.

PRECISION

The discrepancies between the characteristics of a sectlon at the
midspan reglion of the alrfoll as measured In the tummel snd the charac—
teristics of the airfoll in free alr are caused principally by the
effects of tunnel-wall Interference, air leakage through the clearance
gap between thes model and the tummel walls, and tunnel air-stream
turbulence.

An egtimate of the tunnel-wall Interference corrections which
includes the effects of model constrictlon, wake blockege, and stream—
line curvature was made for the alrfoil with the alleron undeflected
by the methods of references 5 and 6, which are based on the assump—
tion that the camber of the alrfoil is small. For the value of the
ratio of model airfoil chord to tumnel dismeter (0.25) used in the present
tests, the magnitude of the tumnel-wall-interferemnce corrections 1s quite
small, These corrections have not been applied to the data. At a Mach
number of 0.70, the Mach number as presented 1s too low by 2 percent.

At a Mach number of 0.T70 and an alrfoll section normal—force coefficient
of 0.7, the alrfoil section normal-force coefficient is too high by an
increment of 0.05, the sectlon pitching—moment coefgicient is too high
by 0.008, and the angle of attack is too low by 0.1 . At a Mach number
of 0.70 and an airfoll section normal-force coefficient of 0.2, the alr—
foil section normal—force coeffliclent is too high by an increment

of 0.015, the sectlon pitching-moment coefficlent 1s too high by 0.003,
and the angle of attack is too low by 0.02°. At lower Mach numbers, the
correctlions are less than those given at a Mach number of 0.7T0.

The apparent choking Mach number of the model in the tunnel, based
on the ratlo of the projected thickness of the model to the tunnsl
diameter, was estimated to be 0.77 (reference 6). The data presemted
herein at a Mach number of 0.75, which was close to the estimated choking
Mach number, should be considered to be of doubtful validity inasmich as
the alr flow may have been influsnced by the Iincipient choking restriction.

The air leakage through the clearance gap between the model and the
tunnel walle had an inglignificant effect since the pressure—dilstribution
measurements were made near the midspan of the model and the span—chord
ratio (4.0) was large. The numerical effects of alr—stream turbulence
are not known; however, the turbulence level of the Langley 8-Foot high—
gpeed tunnsl is low.
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RESULTS

The aerodynamic force and momsnt data presented herein were deter—
nined from the mechanical Integration of diagrems of pressure coef—
ficlent P plotted against chord for pressures over the upper and lower
surfaces of the main portion of the airfoil and of the aileron. These
data may be considered to be section data. In the preparation of the
figures, the various aerodynemic coefficients first were plotted against
angle of attack at a given test Mach number end with ailexfon deflection
as a parameter. TFrom these basic plots, the variation of the coefficients
with Mach number at a constant values of airfoll section normal—force
coefficient and with alleron deflection as a parameter were determined.
Mogt of the data included in this paper have been presented in this
manner and thus show the variation of the coefficients with Mach number
at a constant value of airfoll section normal—force coefficient.

Typicel pressure—distribution plots at several Mach mumbers for
an angle of attack of 1° and an ailéron deflection of O° are given in
figure 5 for the airfoil with the true-contour aileron. In figure 6
1s shown the variation of section airfoil angle of attack and section
pitching-momsnt coefflcient with Mach nmumber for the airfoil with the
true—contour alleron at constent values of alrfoil section normal—
force coefficlent. Plots of alleron seoction normal—force coefficient
and sectlion hinge-moment coefficlent for the true—contour ailleron
against Mach number are to be found in figure 7. Aileron section loads
mey be determined from these data.

Representative pressure distributions for the airfoil with the beveled—
tralling-edge aileron are given in figure 8. These date are for an angle of
attack of 1° and en aileron deflection of 0°. Figure 9 shows ths variation
with Mach number of the section airfoil angle of attack and section pitching—
moment coefficient of the airfoll with the beveled—tralling—edge aileron at
constant values of airfoil section normal—forcs coefflcient. Figure 10
presents the alleron section normal-force and section hinge—moment character—
istics of the beveled—trailing-—edge alleron.

The effects of the trus—contour ailleron and the beveled—trailing—
edge alleron on the alrfoll sectlon—normel—force~coefficient—curve

1 Zn and (Acn) ompared in fi 11. The
slopes | —— —_ are ¢ 2] gure .

PP\ = 5g=0° DBy Jo=0°

slopss shown are the average values for sngles of attack from -1° 40 1°
and faor alleron deflsctions from —1° to 1°, The variation of ailleron

section effectiveness — (ﬁ with Mach nmumber for the ailrfoll wlth
a/cq

the two allerons at varlous values of alrfoll section normel—force
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coefficient is glven in figure 12. The values of —<%—): glven are
a
n

the average values for alleron deflections from —6° to 4° for the
airfoil with the true—contour aileron and from -%° to €° for the airfoil
with the bevelsd—trailling-edge aileron.

The variation of the section critical Mach number of the airfoil
wlth aileron deflection for the alrfoll with the two allerons is glven
in figure 13 for values of alrfoll section normel-force coefficient
from O to 0.6, The section critical Mach mumber was determined from the
intersection of curves of minimum airfoil pressure coefflcient plctted
against Mach number with the curve of critical pressure coefficient
plotted against Mach number. In a few cases, where the test Mach numbers
were below the critical Mach number, the test data have been extrapolated
a moderate amount to higher Mach numbers to obtain the critical Mach
number values.

One of the problems of high-gspeed flight is the wing twist during
rolling caused by the pitching moments developed by the lateral—control
device. The rate of change of alrfoll section pitching-moment coefficient

with angle of attack (ﬁg)% at a constant valus of airfoil gection

normal—force coefficient is an index of the tendency of an alleron to
twist a wing (as a result of the pitching moment developed by the aileron)
in terms of the sectlon effectiveness developed by the aileron, and
therefore affords a proper comparlison of the two allerons as regards

‘ Ao
wing twisting. The ratlo ( ﬁ) was obtained by dividing values
cn

Ac .
of (A'?m) by the-corresponding valuss of alleron sectlon effec—
a/Cn :

tivensss (Ag_) glven in figure 12 and applies for the same deflection
a/cp

range ag the data of figure 12, The variat‘ion with Mach number of the
ratio (____m) is given in figure 1k4.
Lo, Cn g

Ac
The section hinge—moment—coefficlent derivatives <-—h)
a=0°0

a

and (ﬂ> for the two configurations are presented in figure 15,
Lo /8g=00

These slopes are the average values for angles of attack from —1° to 1°
and for ailleron deflections fram —1° to 1°, The action of the thickened
trailing edge in relileving hinge moments is shown in figure 16 by
representative pressure distributions over the ailleron for deflections
of —4° and 4° at an angle of attack of 1°.
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The wing-drag coefficiemt Cp at an aileron deflection of 0° for
the two alleron configurations is shown plotted against Mach number in
flgure 17 for various values of airfoil section normal—force coefficlent.
The drag coefficlents were determined from force—test msasurements of
the drag of the complete wing and =re based on the effective area of the
complete wing in the tumnel., The drag coefficients shown are not two—
dimensional data. The data are useful, however, in showling the changes
In drag coefflcient with changes in Mach mumber, and the relative effect
of the two allerons on the drag coefficlent.

DISCUSSION

Aileron Sectlon Effectiveness

The gection effectiveness — (A";-) of the airfoil with either
a/c
n

alleron at moderate deflections. decreased markedly with an increase in
Mach mumber (fig. 12). This decrease between the Mach numbers of 0.25
and 0.75 amounted to about one-half the low—speed values, at the lower
valuss of alrfoll section normal—force coefficlent.

At a Mach number of 0.25, thickening the tralling edge had no
effect on the alleron effectlivensss at moderate deflectlons at low
valusg of alrfoll sectlion normal—force coefficlent and reduced this
effectivensss at the higher values of airfoll section normal—force
coefficient (fig. 12). Low-speed two-dimensional tests (references A
and 7) have shown losses in ailleron section effectiveness when the
alleron tralling edge was beveled, and low—speed three—dimensional tests
(references 8 and 9) have shown similar losses in rolling effectivensess
for beveled ailerons. At test Mach numbers greater than 0.25, the
present tests (fig. 12) showed appreciable losses in section alleron
effectivenoss whon the alleron traillng edge was beveled.

The airfoil with the beveled—trailing—edge aileron showed a rather
abrupt loss in effectiveness at deflections greater them 12° for airfoil
section normal-force coefficilents of 0.4 and less, as indicated by the
data of figure 9. This abrupt loss In effectivensss was the result of
stallling of the alr flow at deflectlons greater than 12° as indicated
by the pressure diagrems (not shown). At airfoil section normal—force
coefficilents greater then O.kt, the air flow was stalling at a deflection
of 12° and at lower deflections. The stalling at the higher values of
airfoll section normal—force coefficient occurred more gradually with
increase 1n deflection than at the lower values of airfoil section
normal—force coefficient, with a corresponding more uniform change
in ajrfoll characteristics with change in deflection.

The characteristics of the airfoil with the true—contour ailleron
(fig. 6) at large deflectlons are more uniform with change in deflection
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than those for the airfoil with the beveled-tralling—edge alleron. The
pressure diagrams (not shown) indicated that at a deflection of 18° the
elr flow followed the contour of the trus—conbtour alleron quite closely
at the lower values of airfolil section normal—force coefficient and the
lower Mach mumbers. Sepsrabion occurred at the higher values of alr—
foll section normal—force coefficlent and the higher Mach numbers. At
a deflection of 12° » separation occurred at somewhat lower values of
alrfoll section normal—force coefficlent and Mach nmumber for the alr-—
foil with the trus—contour aileron than for the alrfoll with the
beveled—trailing-edge alleron.

As mentioned previcusly in the section entitled "Apparatus and Methods™
the present tests were made with unsealed allerons. Many tests have demon-
strated that the characteristlcs of an alrfoll with a sealed alleron ere
gonorally more satisfactory than those of an airfoll with an unsealed aileron.
One of the unfavorable effects of an unssaled ailleron gap is that the effec-—
tiveness of the alleron is less than when the gap 1s sealed. The low-speed
data of references 8 and 9 indicate that an unsealed alleron gap reduces
alleron effectivenese to a greater extent on an elrfoll with a beveled—
trailing-edge aileron than on an airfoll with & true—contour alleron.

Alleron Sectlon Hinge Moments

The section hinge—moment characteristics of the beveled—tralling—
edge aileron are irregular as shown by the data of figure 10, In the
alleron deflection range from approximately —6° to 4°, the veriation of
section hinge-moment coefficlent was irregulasr both with Mach number and
alleron deflection. At larger alleron deflections the characteristics
were more satlsfactory.

Beveling the traliling edge reduced hinge moments by more than one—
half at soms of the test conditlons at the larger deflections. The
actlon of the thickened trailing edge in changing the alr flow about
the alleron and in relieving hinge moments is 1llustrated by the chord—
wise alleron pressure distributions shown in figure 16. At positive
alleron deflections, the pressures on the alleron lower surface are 0
usually more positive than those on the aileron uppsr surface. The
bevel on the lower surface, where the pressures are more positive,
speeds up the flow to a greater extent than the bevel on the upper
surface; a hinge—moment component is thus Iintroduced which acts in a
way to relieve the main hinge mement. At negetive deflections, the
reverse actlon is generally true. From these tests the action of the
bevel appeared to be greater at positive deflections.

Large lncreases in the section hinge—moment coefflclent of the
true—contour alleron at a deflection of 18° occurred for soms of the
combinations of Mach number and airfoil section normal—force coefficilent.
These increases in section hinge—moment coefficlent were mainly due to
development of appreclable separation of the flow off the upper surface
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of the alleron, the separation occurring at lower Mach numbers as the
airfoll section normal—force coefficient was increased (fig. 7).

X
The sectlion hinge-moment slope “h for the true—contour
OBy, a=0°

alleron at moderate deflections increased in magnitude between the Mach
numbers of 0.25 and 0.68 by about three—Ffourths of the low—speed value
(fig. 15). At higher Mach mumbers up to the maximm test Mach number
of 0.75, there was a reduction in magnitude of this hinge-moment
parameter. The effect of beveling the aileron trailing edge to an angle

alel
of 300 was to cause an overbalance of the section paramster =&

LB Jou=0°
at moderate deflections similar to that shown by other tests (references 8
to 10), and this over—balance was aggraveted with Mach number

Lc .
(fig. 15). The section hinge—moment slope -—-11> for the true—
&/ 5=0°

contour aileron was essentially constant up to a Mach number of 0.68 and
then rapidly Increased in magnitude at higher Mach numbers up to the

Ac

maximm test Mach number of 0.75. The section perameter -
N, 5=00

for the beveled—trailing-edge alleron was positlve in algebrailc sign and
appreciably increased in magnitude with Mach number.

Low—speed tests (references 9 and 10) have shown that reducing the
alleron gap or sealing the gap of a beveled aileron had small effect on

the parameter ( %;—h->8 but reduced the overbalance of the
E

C
parameter <2_5—h) at small aileron deflections.
a/a

Section Normal Force

Ac
Airfoil.— The section slope (—E for both configurations

Fa%s 2 >6a=0°
increased with Mach number up to a Mach number somswhat greater than +the
critical Mach number and then decreased wlith further increase in Mach

Ac
number (figs. 11 and 13). The section slope [ —Z2 for both

DBg Ja=0°
configurations was not affected very much by Mach number at subcritical
speeds, and decreased at supercritical speeds (fig. 11).

The effect of beveling the tralling edge was to reduce the section

Ac Ac
glopes | —2 and | =2 and this effect is in qualitative
P (Aa, >6a=00 (A6a>a.=00 4

agreement with low—speed two—-dlmensional and three—dimensional tests
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’ Ac
(references 4, 7, and 8). A lower value of ( Za—.n>8 would be advan—

tageous in roll since the demping-moment coefficient 1s a function of
this paramster.

Aileron.— In addition to relieving hinge momente, thickenlng the
alleron trailing edge reduced sectlon aileron loads appreciably at
constant airfoll section normal—force coefficient (figs. T and 10), as
is to be expected from the action of the bevel on the air flow (fig. 16).
The aileron load for the beveled—trailing—edge aileron was affected quite
irregularly by changes in angle of attack, aileron deflection, and Mach
number. -

Sectlion Pitching Moment

The variation of section pltching-moment coefficient c¢p with Mach
number and aileron deflection 1is seen to be more regular for the airfoil
with the true-contour aileron than for the airfoil with the beveled—
trailing—edge aileron (figs. 6 and 9). Thickening the trailing edge,
however, reduced pitching-moment coefficients.

The piltching-moment coefficient of the airfoil with the beveled—
trailing-edge aileron was approximately the same megnitude for deflections
of 12° and 18° at several of the airfoil section normal-force coeffi—
clents (figs. 9(b), 9(c), 9(d), and 9(e)). ‘For these conditions, the
flow followed ths congour of the alrfoil at a deflection of 120; whereas
at a deflection of 18, there was appreclable separation. The effect
of separation was to change the section pitching—moment coefficient in
a positive direction. For the conditions represented in figure 9(f),
appreciable separation had occurred also at a deflection of 120, with
a consequent spreading out of the section pitching-moment—coefficient
curves for deflections of 12° and 18°.

The section pitching—moment coefficlent of the airfoll with the
true—contour aileron at a deflection of 18° decreased notably for soms
of the combinations of Mach number and airfoil section normal—force
coefficient. This decrease in section pitching-moment coefficient was
mainly due to the development of appreciable separation of the air flow
off the upper surface of the airfoil, the separation occurring at lower
Mach numbers as the airfoil sectlon normal—force coefficlent was
increased (fig. 6).

The sectlion parameter of the rate of change of airfoil section
pltching-moment coefficlent with deflection per unit value of aileron

sectlon effectliveness (éé?#)cn is a measure of the tendency of an
aileron to twist a wing (as a reéult of the pitching moments produced by

the aileron) in terms of the section effectlveness developed by the
aileron (fig. 14). It is seen that inoreasing the Mach number increased
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’ Lc
the value of ( Zf) for both configurations (fig. 1%) and thereby
c
n
made the wing~twist problem at high speeds worse. The increase

of (Z‘Tm) with Mach number was mainly due to the decrease In section

effectiveness — <_Qa._> with Mach number (fig. 12). The section
a/Cn

Ao .
pitching-moment paramster ( Em) was generally less, and the Mach
Cn

number effects were not so pronounced, for the configuration with the
beveled—tralling—edge aileron as for the confliguratlon with the trus-contour

‘ Ac
aileron (fig. 1%). The reduction in the parameter ( ﬁ)c for the
n
alrfoll with the beveled—trailing—edge alleron resulted from smaller

Ac
values of the section parameter (___rg which also decreased with

Af’a>cn’
Mach number instead of Increasing as was the case for the airfolil with
the true—contour alleron.

Section Critical Speed

The section critical Mach number of the airfoil with either aileron
was 0.70 .at an alrfoil section normal-force coefflcient of zero and with :
the alleron neutral (fig. 13). At positive alleron deflections the section
critical Mach number was essentially the same for the alrfoil with either
alleron except at an airfoil sectlon normal—force coefficient of 0.6, at
which value the alrfoil with the beveled-—-trailing—edge aileron had lower
section critical—speed values. At negative deflectlions, the sectlon
critical Mach number of the alrfoll with the beveled—tralling-—edge aileron
generally was lower than that of the alrfoil with the true—contour aileron.

In the data of figure 13, the upper surface of the main portlion of
the alrfoll was the critical surface, except at negatlve alleron deflec—
tions greater then —T. 5 at an ailrfoll section normel—force coefflclent
of zero, at which conditions the lower surface of the main portion of the
alrfoll was the critical one. The pressures over the ailerons were more
positive than the minimm pressure occurring on the main portion of the
alrfoil for all test conditions, so that the critical Mach number of the
allerons was greater than that of the main portlon of the alrfoil.

Figures 5 and 8 illustrate the characteristically flat chordwise
pressure distributions of the 66-series alrfoll section and the effect
of Mach number on the pressures. The pressure dlagrams over the main
portion of the airfoll are seen to be very similar for both alleron
conflguretions. The typical large changes 1in pressure distribution at
supercritical Mach mumbers for relatively small changes in Mach number
are to be noted.
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Wing Drag

The wing—drag data from force—test measuremsnts (fig. 17) showed
that, at constant alrfoil sectlion normal—force coefficient and with the
alleron neutral, beveling the trailing edge of the aileron increased
the drag of the airfoll. The increment in drag hecame greater at higher
values of airfoll section normal—force coefficlent. The variation of
drag coefficient with Mach number was essentlally the same for both
configurations. The low—8peed drag coefficlient shown in figure 17 1s
appreclably higher than the low-speed profile—drag—coefficient value
of 0.004 obtained in other tests (reference 11) for the NACA 66,1-115
airfoil section. The maln reason for the discrepancy is the alr leakage
through the gap between the model and the tunnel walls, the effect of
the leakage belng to increase the force drag of the wing. The span—
wise gaps on the upper and lower surfaces of the wing between the alleron
and the alleron cover plates also probably increased the drag of the
basic section somewhat. ’

CONCLUSIONS

An investigation was made in the Langley 8-foot high—speed tunnel
of the section characteristics of a 24—inch—chord NACA 66,1-115 airfoil
section equipped with unsealed 20—percent—chord plain allerons of true—
airfoil—contour profile and 30° beveled—trailing-edge profile. The
airfoil:was tested with aerodynamically smooth surfaces for Mach numbers
up to O. "{5; and for various alrfoll angles of attack and alleron dgflec—
tions. The test Reynolds number at the highest speed was 7.5 X 10
The following conclusions are indlcated:

l. The ailleron sectlon effectivensss paramster —(&-> for

both of the alleron profiles Iinvestigated decreased between the Mach
nimbers 0.25 and 0.75 by about one-half the low-speed value, at the
lower values of alrfolil section normal—force coefficlemt.

Yo

profiles increased with Mach number and thereby aggravated the wing—
twist problem at high speeds.

2. The sectlon pltching-moment parameter <—m)cn for both ailleron

3. Changing the aileron profile from the true—contour profile to
the 30° beveled—trailing—edge profile caused

(2) a decrease in the aileron section effectivensess

parameter —foa._
Aba cn



NACA TN No. 1596

(b)

(c)

(a)

(e)

(£)

15

a reduction in hinge moments, but made the hinge—moment
characteristics lrregular with an overbalance of the sectlon

hinge-moment paramster ( Aﬂ

A159.)(1:00
deflections, the overbalance worsening with increase In
Mach number

at moderate aileron

a decrease 1n section normal—force—curve slopes (2% —o°
Aoy a
and [ —
LBy Jo =00

a decrease in aileron section loads, at constant airfoil
section normal-force coefficient

a genoral decrease In the section pltching—moment

parameter ( %)Cn

generally only small change in the section critical Mach mumber
of the airfoll at positlve alleron deflections and a
decrease in section critical Mach number at the larger
negative aileron deflections, at constant airfoil section
normal—force coefficlent

Langley Aeronautical Laboratory :
Natlional Advisory Committee for Aeronautics

Langley Field, Va., July 1, 1948
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TABLE I

ATRFOTIL, ORDINATES FOR NACA 66,1-115 ATRFOIL

[Station and ordinates in percent 6f wing chord]

Upper surface Lower surface
Station Ordineates Station Ordinates
1.188 1.851 1.312 —1.74k
2.429 2.532 i 2.5T1 -2.346
4,922 3.501 5.078 —3.185
T.419 4,239 7.581 —3.815
9.920 4,843 10.080 ~4.325
1k.925 5.803 15.075 —5.131
19.932 6.535 - 20.068 —5.739
ol gh2 7.095 25.058 -6.200
29.953 7.505 30.04T —6.533
39.976 T.984 40,024 -6.912
44,988 8.049 45,012 —6.951
50.000 7.988 50.000 —6.884

1 60.022 Tol3h 59.978 —6.362
T70.038 6.058 69.962 —5.086
80.040 4,029 79.960 —3.233
90.026 1.763 89.97h —1.245
95.014 . ThO 94.986 - oL

100.000 0 100.000 0

Slope of radius through L.E.: - 0.062

L.E. radius: 0.016lc

“!ﬂﬁﬁ"’
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Figure 1.- Method of model installation in Langley 8-foot high—Speed tunnel for present tests.

96CT *ON HI VOVH






NACA TN No. 1596 o1

M

_y—Chord line | |

003 75¢
Fresswre orifice /focarrons

@) Wing section with 7rue-confour aileron.

\

/

//;7‘0_: /rne

(b) Wing section with beveled-/railing-edge aileron.
AT

Frgure 2.-WNACA 68, /-//5 arrfor! seclion equipwed with wisealed
Q20c plain arlerons of. frue-airfoil-confour profile and beveled-
fraiing-edge profile. Choradwise stalic—pressure orifice locations

are shown. C=24 /nches.



NACA TN No. 1596

N

!

—-003873¢

Airror/ secltron confour

O304 c roaius
(@) 7rue-confour arleron.

Finge axrs

L3054 ¢ \\

2 208

| = . C
i) o 0 20¢ — radius
S f | 5
1 1. Chord /i'ne—\ d
! \

' ' Straght

TN .
O35%c rodius 6} ,;Z/g/# /ines
Finge axrs dodel

(6) Leve/ed- 7rai/ing-edge ailerorn.

Figure 3.— LDmernsions of 0.20c plarn
arlerons used on WNACA ©o,/-//15
arrfor/ section. c=24 inches.



e e ————— e

Mmoo &

10 x /0% .
. r
L“\
g -
£ 8
L
i
L
9 ° j
> -
& 4 A
v
W-—
2
= 3 4 5 6 .7 8 .9

Nach purmber, A

Figure 4 .— varmafion of F\’egno/ds number with Mach rumber
in the wind-7*unnel tests of an NACA 66,/-/15 awrfoil

section e?uéo/oed with 0.20c plain ailerons .

96CT *ON ML VOVN

€2



Pessure  coafficient , P

‘/‘Q “-"02 "/.2 I
|
— TR,
-8 =8 w8
/r/ - .
1| s
|- 7 . s .
F _‘4)—""’""-_."1&\\ i _ r”""y ‘31 ’! L i - ,\
.(’r \?‘-\‘ /( o _.-f}
¥ N CF It e
o]
n4 -4 14
8 M-0.250 8 M-0.548 & M-0673
L2 [ 1] . LT 12 I
—0— Upper surface
— O~ ower surface
-1.2 “)2 1.2
.
- . /\; - / I - t/ \
TR TN ] B = e I W= 8 el
- /j‘ .Ar""—‘l-"'{ Vi . i _ rdrans e _"\_\PCF
T )I/ \\ Tt ‘)( : ] h ] o
x D
o : o ks - 3 0 1"‘1;““
Y
s s B 1
4 - 4 - HACA
8 A-0657 8 776720 8 0762
|| Il | [
Aao 2 £ & 8 Lo /.20 2 < (o} 8 10 LZO 2 -4 N, S8 Lo
Xe xko xje

Figure S.— Pressure distnbdion aboul an MNACA 66 /15

orrfar/ sectlon  equigoed with

an wnsealed OL0c phain ailsron of true-airforl-confour profita, &§=0% o=’

U

96GT *ON MT VOVM



—— e e e e e — o -

8 A6
Sa
& 8 )
_—'[‘-Q —
A £8
Sa
(m,%
& O i
) S o1 E
3 a - o ,-l-;_' -
-~
M 0 ——
el o g %, I I T
~ - 1 - -
§ - nl | § P h—‘-\___/\
=SS S ==
% L] %*98
FR i R
L |
\g) o) P — T E’T/E
Q lk_ /2 i
Q )
S -8 :Ev/c
3 1 : -
-’—/ .
-0 £ — ﬁ—.z
//
_/2 Lo — Pl
=/t -~ L - - . 28
o = 3 & ) Ko v 8 9 . V4 2 A3 - 5 Na) 7

ATach number, N1
(@opn =-04.

Figure 6.— loriation of angle of affack amd pifching-moment coefficient with Mach rnumber
for an NACA 66,/~//5 airfor! section equp, wth an wnsealed QLOc phain alleron of Frue-

airfori-contour  protile.

NMach number, A7

96CT "ON NI VOVK

63



26

NACA TN No. 1596

O
@
m/_l ) N
o %
Iy
Q
* g
| ¢ S
<
(8]
Q
2 2
Y
Qo N ¥ )
ISWWJ\_M 6%2 o
Y 8 & o ¢ 8 ¥ % § ¢ «
W yustory o0 puouou-Bupyaid Lotoes
o
Q
1
1]
Cﬂ
@ I
@
L Lh \ N
YA
\ o3
, N
| , o3
| A - £
\ \ ¢ O
I 3
| | "
.%/@,”_ O HhYIONY N9 o
o © ¥ & o ¥ §y ¢ v ¢ § V.

bop (30 ysae fo bup oIS

Figura & —Continued.



HACA TN No. 1596

s
«Q
(1K, ,V IN
Q
, _ , o
<+
\ o
L og Y OFy o N N | o |
Y4 o ¥ 8 Y vy ¥ ¥

o Yusianpy 00 guswow-Buyad vorpes:

£ -

o
Q
\_\» N "
amann, ;
I T E
\ / /, *
L ‘ | ?
Lo ¢ O ¥ yoINw R N o
© o ¥ W o Wy e op g ¥y

£ep" Y0 © yopiio fo SibuL vaoes

AMach number, pr

Nach number, M

@) Gn':o-

27



WACA TN Ho. 1596

28
S
Q
VOl A b
Axm
_ | .
A 9
| | 4
i T [
ST ey T T Tl TR,
Y § T o3 8 Y eRy oy
Wo yumsminsovo juswou-bupyaud Lo,

[ _. @
: @
TR m_ _
VI "
i Q

/ _\\\ /

: 1] \
A AL\ °
/ ‘ [ ¥
I WEINENS

T Nl )
.&u@iﬂ 0% WO N ¥ R o
.
@ © + w o ¢ § 9 ¢ ¢ ¥ ¥

Bap 50 yoopo 4o BIBUD LSS

E

nach number, M

@Cn =0-2 -
Figura 6 .~ Continuad.-

;

Mach numbear, N1



RACA TN No. 1596 29

9
Y
JARIN| /
{1 [ ) :
\ | o3
\ RAREREE )
Q
11 K
3
4h.
, S
Q
o 2
,w,mmm_zr 0% N O N} o ) R "
Yy g s o AT T Yy YR
Wo tusiayye00 puewow-bunyaid uoloes .
| 3
v £
S 3
c L.
O
Q
&
Q
/\\ )\V N
/ Q3
ANAAN s
(A | .
\\\ | , 3
/ \ \ * <
ly;
, / ,, kI
-,oa@,_k VY N O N W N 9 al
<

5) o w
 ©® ©o ¥ w o w ¥ ¢ o ¢ ¥ M.

bop C 0 yopu fo_sybup uor{oss



30 NACA TN No. 1596
o
10
N
P ./
/‘ \ .o.Am.
I .W
A [ o €
[ L 3
/ ¢ ¢
A \ “m
: o 3
) | | |
B EEEEFX LI N e g,
[v E ] S ~
¢ ¥ 3 99 N R ¢ ¥ 9 .
W Cpugiotstoco jusuwos~ diized uaoes 3
L
s I
33
1] .
S o
=N
Q mm,
T
Q
T177 "
A e o3
AR o
ARy 3
/ / ? g
| : J
a \ \ + N
mEAAa NEEu i
/ 1 ¥ " 2
,oa.m,_m Oty ONI® N xla.
N~/
_ ~
g ¥ ¥ ¥ o o ¥ w © w ¥ ¢

bap 0° yopvpo f0 G0 UOILIPG




NAGA TN No. 1596

Q
VB
N
\ _ \\_.h M
Ji
T ° 3
| AN .
N / / m
N \ .
SRREEA
AN
— _ _ .// QMM
o 3]0 ypyelNy y Y AN
! o 1 j J
YR o TR R Ry
W5 g ueiospteooo puewiow-buyayd UomoeG
)
®
N
\\\\\\
[V /
A A7 @3
AvIA SR &
[ L] - &
VAL ¢ S
\ \ \\ \ S
9
. [T "3
S ,mw N © [¥ o oY ¥ IE y
[ 5
g ¥ ¥ R @ o ¢+ W o g ¥ ©

bap 0 o010 40 B16UD LODES

(9)cn=0.7.

Fryure & .~ Continusd.



NACA TN No. 1596

. @
©
[
", / om
[ 717 2
IS Sy “ 5
A : <
_ T <
o .
/ ﬂSM
oy Molv e
wﬁ_
¥ o ¥ § Y ¢ § ¥ %
Wo iy _kﬁms&s_ﬁsﬁ M\P.GQM v M
g @
S g
§
mrv,o
9 N
3
- 8 -m'.
.\\\ wf-
/ ﬁm
ANAZANN 2
RS ITEEERES 75
WiVl - ¢
IANi/EE v S
i1 5
AN % 2
DY P 3
© y
~

Y w e ¥ W o w o F op

o0 0 Wobgeo fo wbut UOLLOES



L& 2 i I
Sqt
L8 J6— @eg) .
- 2 ]
X J2
.2 o8 1 — =
2
A0 &5
R U_ L 5 el ]
2
o8 o
- 2
o y 8 L
a
§ oo %’-"4 4
o ) o
% “ 12 g—.os 2]
| I \\
g = P i g,-:/e —
J x .B
3 £ T s - i
E o o = §76
—2 1 ‘E
.5 -2 =
=3 — ] g
b g
“ 2
T <2
5 * 12 — &4
'Q N
< -6 28 A~
-8 ‘ =32 .
S 2 -3 < 5 ] 7 a P S 7.2 2 ot Ne) 5 7 8 =
A ach rnumber, M Mdach rumber, A
(a) cn.—0-4c

Figure 7.—lariation of aileron rormal-force ond Alngs-momeht coelFicients with Mach number

For an wwsealed O.20c plain aiferon of Trua-airtoi-contur prolife mounfed on an AMACA
66,/-H5 airtol/ section.

96GT *ON ML VOVN

[}
(W]



NACA TN Ko. 1596

119

Q

A ; o i , .

!
L

T 7 "

T )

Nach number, A

U]

QW N N N i

ol

/2
1

r

sa— @)L

20
JE

e -

L4

° ¥ ¢ » 3 ¥ % § %
Yo HLSY S 790D JLROOW - BOUNY UOLIDSS LgdeYlY

(b)cn =—0.2.

Q

Fiqure 7

@

gui , @

WAV

Nactr

o

(o'sg)
18
/2

<
2
0
Z
4.
12

N

e,
L&
4

L2

zaa,ﬁzo,_c.wﬁ_u.

PU 5 Gusmppreos sauop— jouiol uoyoes uamyy

=8

centinuad.

—



e et

. R e e+ e s am

L3 20 | ’
da v
L& s6|—| @sq) <
-2~
/.4 J2
/.2 o o7y — e .
1z
LO R
[§) L 2 | ]
1\"\
g S s o 2
nc 1 :§ =~
> 6a ™
S ™ (@sg) e +
L] .8 E
~t 12 08
17
—
lg la L ——
) |1 .
3 2 N
5 o 0 %16
L |
g I s =
8 - & — § -
E | g
it <.
g 12 —t— 24
o r ]
g -0 ~28 HACA
-8 =32 .
S 2 3 F-2 oJ £ 8 2 J = 2 T S H 7 8 2 -
A ach nhumbsr, A MMach humbsr, M
(&) Cn = Ot

Flpure 7—Variation of allerorn rormal-farce axd Aings-moment' coelficrents with Mach number

For an unssafed O.20c phun alferon of Yrug-airfoif-contour profife mounted on an MACA

66,/-/5 airtei/ section.

96GT *ON Ml VOVN



NACA TN Fo. 1596

3
I
Lh |
L J
! :
\ ._.4 ¥
\ \ |
i
//Ir
B 3 [
e ©
‘%Mm_m O Cr (o3 N
Q _9__,_5 _ Q) i) e =
T %S ° 3 ¥ % R o§ ¥ § 3
Yo pusyorgyooo wmmour-sbupy uoproes uasyy
1 i
! 1)
=)
T
$ 9 L 4
mmz N Nolanve | [N
2 % ¥ ¥ R @ © % N o § ¥ @ ©

I b I
PU 5 Cusmippens oauoi— [puLiol Loyes uam|y

@

Q

N

Q

™

%
o9
y

S

o
%
by
Q@
o
:
0
o

~.

v

NMach number, A

(b) Cn =—O.2 .

Flguwe 7

5 N

NackHr

Continusd.



FACA TN FRo. 1596

NMach number, A

Aach number, M

3
S TA AL a4
(LY [ <l
\ [
, /
_ \‘\\\\
\ \
HA i N/
N 1R [V
NIHA y \
! \ [ ,
,%MM N %4 NoQ oW N w
S8 8 3 o ¢ % § R oy ¥y
Yo < quorayprooo Juswow- ebuly voLioes uoisiy
|
TTHINRY)
_ R |
L ] \ | ,
| /
/
r 1
/ _
| ,d 1.
,oa\,Mu...\w 9 | M N[O Jy e M_+
|
2 0¥ ¥ % @ ¢ ¥ a4 o & ¥ @

N 1

Pugye, USIOIyf 600 BRUGH —[PULIRS UQLLZES UGIB(Y

@cn=0.

Figum 7 -~

35



% NACA TN No. 1596
T ﬁgﬁ_ Q
0
4 irl g " 1 i I7
C N
Yl o ¥
/ [ ‘_ Y
f Q
- Q
\ / /LA m
uEN [ / ¥ o
\ [ \ / 8
L1 / | \ o 3
T | TR
Y}
S|V el yom v = s mi
: g3
- N © O s NI
¢ ¥ 8 d ° g ¢ ¥ F ¥ o £ g 9P
pﬁowtﬂh.%ﬁuglakk\ UOLD8S URIBY Iy ﬂnw” —/.
@ I W
. _H
l:j ) ‘ f,/A_ N
b
‘ < w.
v | 0§
L 2
/ ’ % ¢
_ o \ 8
M
-+ | 2
R oy | PN YIRS y
2 ¥ ¥ ¥ @ © ¥ o o a4 ¥ 9 ®

b [ " R
PU o qusioptwon watap-jpuiou Loyoes ueis)y



NACA TN No. 1596

r

Nach number, A1

IR / \

, / : \:.,ﬁ
i s T K
g $1 ov] [yonv 99 N

JE

W ~

O -
R
1o Jusyngens Jusurow-ebuty uoLioes Lods)lly

/2
08
L

o

Mach number, N

: : Q
)
] I~ N
_ d i
i Q
7 i .

/ \
AN

i
\‘. ?
SN

darmm,\.w L v aolqlye [ w o
¢ Y U Y e e ¥ 9 o w ¥ e @

Pug URIAFOOO0 SAUDS ~|DULIOU UOLISSS UUSYTY

o<,

@cn
Figure 7 .~ Continued.



35 NACA TN No. 1596
. -
31
— N
yd I 3
AL / I~
NINA [1] ‘ 3
TNy, Il .-
|/ ) |l / S 3
f | A | Y
\ LT m
\ \.\ o2
SN oyl yo QN ey :
5(\. 1 y .M
\- ~ .
TR N TRV TRy 8 8§
Yo yusimifeoo puswow-s0Uly UOL28S LS Y f._.n 1,
8N
Qa &
" §
o ¥
a8
YO Ly
Q\ o3
3
/ | o §
\ 2
4h
o
\
\\\ n 3
HEE] 9| [y wohyel [N "
T % W 9 4 © % w o &§ ¥ © @

I r I R
w:ufz.&u...&my»u SUCH — [PULIOU  UDILSBS LBy



NACA TN No. 1596

| b

MT—— @
- @
N
/// // N
,.//1/. ‘ 0
DT m
/ ©
/ VDT / )
_\\ \\ 4“
\
I .,
, ,
STy bRy Sl Bl
R _ N e AN
T N 8 ° ¢ 8 ¥ % 8 4 & B
o usyoupsoo pusuousbuny woioes Larsyy
. o
19
, _ N
NI r
LY Q
ni T
ﬁ, _\ A . T ”_ K
¥
| a
¥
T B \ \\ , < Lt - "
! 0 o ! 0| N
I._.O.(.M..\_ ~ Im NN i T _..f_
¢ Y ¥ 3 =@ ¢ ¥ W o ¢ § @
|

PUS yrsyoigp 800 satoy-1ouiou uoyses uamsiiy

Mach number, N

Mach number, M

39

(@) cp=0.7
Figune 7 .~Con#inued.




40 NACA TN No. 1596
h— qQ
Q
— N
- — 6M
N G
> K — a
\ o €
L~ ¢ C
\ _ , R
,, H 3
S
B HEEaETR EiN
| i
3 o3 g Foe 4 § 4B g
Yo pisioifd 900 fuswow 2B UOILO8S LawyTY ! S
Q-
@ £
Q
N
.s
7 .oM
ﬁ / 'y
— 2
A ‘
/ ) 5.m
NS I
= N
|
| m<
BN N
-I.mu/r_w 3 AN el oy
~
e X T @ ¢ t w o ¥y ¥ o @

]
Pus QUSIIFFO0D  SUGH — [IULIDU UOHOS LISl



wnsealed 0.20c pain  alleron a‘ barsled-Fralling - edge profife. & 0%t /?

=L, -2 ~4&
:
-8 -8 =8 == _ — Q-_J w3
S | N = |
- B Y ) ] '_'*n\o\ -2 /r 7 -—h_“_'h:\ g
. rrcr..u——-n— *‘:\‘l_ ’ ?P s ~ f (_/‘ k\ ;_l
of il of g off St &
#; ) : ' R 1 K % Uy
v | 4 -
3 -
& =] -] .8
¥ M=0.252 1. M=0.550|" M=0.676
S 2 L 2l L] 2] L
% —0— Uppar swrface
=0~ Lower surface
~i2 L2 =2
‘g T 74
B gl L Ll 1 =8 ' =8 e
& P —ﬁ’\_ ull = =~ _—.f”rﬁll' =2r ‘ = K
- /cr ’”’Pﬂr et f)"" ' o | __-fr’—ﬁ/ 11T L cr
LA A L T
o b 0 e ﬂ : ~
P ]
v P -
T , I%". 7
8 e .8 1 8 1
AM=0.7 MaQ.7E M=0. 75
x: [ 1] y 1] it ]
o} 2 A s .8 o o 2 4 8 a] L2 4 L .8 Lo
xe xfe xfc
Flgure 8 .— Fressure d/sf//bu?‘fon about anA/ACA 66,/-115 alrfoll section equigped with an =



2

Saction angle of atfack X, deg

R

A

|
S

]
o

S

-2

@ cp=-0.4.
Froure 8 .— Variation o"' argle of affack ard pitch ing-moment coefficient with Mach number
for an NACA 66,/~115 airfoil sechon equipped with on unsealed OL0c phain aiferon
of bevelad-trailing-edye profile .

A2
UE
4§ .08
60 o
(‘:’%57) % OF Sq
—ji 1 t o {@eg)
2= S =2 =
= — : ; =04 ‘2' :
//, — ‘S 4 —
6 B-08 5 —
--G. ‘*———_._‘____
< i
-‘§7/2 “BpCE
=/6
N <4 3 A g .6 .7 .8 9 6./ A .3 - & 6 7 B .9
Mach nwnbsr; "M _ Mach number M

Q6GT *ON ML VOVN




HWACA TF No. 1596

@
—
T

1N
\ W/ f W
: ©
] IR _ /_
] o
/
/ A ¥
| / | Q "
e [1] I
gy e [rlsfosy © [ ]n N
S ¢ ~ 8 s 3§ % § © @
. . N s . [ 4 1- v e
U o Lusyoift 800 puswow-buiysy ..G\ vorLoeg:
o
©
LIS, N

r—-"——f-

/ AN AT
= LI K
.%Mm.‘\ % cn_.ﬁlum.lﬁ,__o SRR Y] N oy

CRE S A T O §

1 1 >~

i i 7
bap 0 yo0pp F0 Srbup Uoioes

Mach rwmber, M

Mach number, M

43

(b) Cn - ""012 ¢
Figure S .—Continued.



HACA TN No. 1596

) h
b0 0" yoryb S0 elbuUp WILoeS

!

=10

ano
YYD i
N J < 7
, = .
/ i\ ' .
\ * K
AN
[ R
[ | -
L1/ [t
60@@ ® ¥ NOINW | © gy [ N
T 9 ¢ ¥ 83 038y e g
. Wo yusroigreas puswous—Buiapd uooes
4V IV Q
i S .
\ 1\ .
17 ERIR .
\ \ /, //. .
\ N N 5.
\ B ¥
L L \\ o
I A1 AN A .
o U o yuofaw | [ N%| |g N
¥ © ¥ N o W ¥ 9 9 N _M/.

AMach number, M

Mach number, M

0.

(€) cp

Figure 8 .- Caonfinuead.



NACA TN No. 1596 k5

7 1 4]
NEi °
DR .
AT T
: V- 9
N s JT \ ? 3
yiag | <
‘ _\ . _ | hR
.n.am/mw L hd ,__J_o AU Ny | 9 z
T ¥ $ v g ¥ e ¥ g v e g
Wo C.nmﬁ..% Luswiow-busyapd uoyoes M
3
T °
Wi "
/
LTI -
il V12 X
ann Y1 -
\ \ /,, | '3
a NN T §
] \ AT .
1/ N
| ISRl Lo ¥ v Jof [ ol [5 N

10

/2

e
VR ¥ N9 Mooy e o Q _M .
bep X0 yoor o o sbup uooes '

Figure 9.— Confinued.



NACA TN No. 1596

_ o

M 0

/ \\\\w | 7.

AN

NEmal A 3

, [T1Y §

AWEPEEL 0 k

.oaum.,\_m a_ul_nmaz;. 0 N 2 N
| 3
T8 ¢ 3 g% o % 8§ o § %
W5 gusroihoa fuewow-bulyaid UoHoes M _
Lo
0 %3

FARY ,_ 7

711 110"

A o &

AT §

g

A O "

1] | v e

imin i .

AR I\ .
,oaw,\m_z, %41024 ] mﬁ M N

Q © ©w ¥ N O N ¥ v o



NACA TN No. 1596

1]
~J
|—_|
—

.5

)

4
Mach number, M

('f) Cn=0.6.

Figure9 .— Continued.

- %) .6
AMach numbern M

-3

/4

i |
%Mm ol yiyon|w| & | v [0 2
w.,q.mmm.m.mm.aw_www
Wo Gusiolptooo wewow-bungapd voypes
TV
I
v avAn
AV AN RN
AV T
FUA L
Hn
I
SV
AR Il
EX T N Y
N m Q Q % o lu) N 4_.. _m

Lo 0 yoopiv po oybur uooeS

UG Ry S S - - —-

Tt A e A — e e e e e =



3

I e

|
.
—

%M.-_w o [ on|¥o I 2
T ¥ 3§ v Y 9§ 5 3§ 8§ ¥ © %
Wo Lupioliteco Luslow-buiyand UoHoS
/
7
\ L4 /
NI IVIRNIRE
AT L
| Ity
ARy [
U “ \
ey [ o fyyoldol | 8| 0 3
© ¥ N 2 @@ ® ¥ N © N ¥ o o

Eop 307 yoauo Jo yblb LS

0

Q

M

©

9

k)

"

o

o

Q

Mach numbe/; v 4

Mach number, M

NACA TN Fo. 1596

(9) €p=0-7.
Figure 9 — Cantinued,



HACA TR No. 1596

4o
. 0
b 0
N
/ 2
© -
/ \ w
,ﬂ _ [ 9 §
= \ i <
RS e Jo / <
L\ 4C
] A
/ 11"
N % ® o k!
. S
| - 3
NS S 2 ¥ % 3 o ¥ 8 YW e § 7§
oy S o3 99 R . &
o Yuspoikteos puewous - Bunpiid uooss ©
Qo .
no@
g P
.y 3
) ~ oo
' i
Q
™
4
/ 3
©
AN ™
i/ A Sm
—~ / -3
ag
ofxo |[] ] <
[T / AR
L1 /
y / K
S
N 8 N
© ¥ oN o 0 © * LY ) N ¥ =

bew ‘20 "Moo f0 stbup woyoes

-6
8



Aikeron section normal-forcs cosfficient, Sng

™~
o

O

.l
M

N

-
G

R

7, ap
o
O
Q
\
]

S
B
1
Mo

o
Y
moment cosflician

®
N

/./ J

N

6
L)

H
ot
N

Mo
~M-—Dl\)

rige -
s

§

)

Allaron saction hi

|
i
.
B

4 2 .3 4 .5 & .7 .8 .9 .2 .3 4 .5 .8 7 .8 .0

Mach numbsr, N : Mach numbsr, M
(@ cn=—04.

Figure 10.— Variation of aiferon normal~force and Ainge-moment coefficients with Mach rumbar
for an wnsealed O0.20c plain aiferon of beveled-fraifing-edae profife mounlfed on on NACA
66, /~//5 airforl section.

965T *Of NI VOVH



NACA TN No. 1566

> &
>7
-7

Mach numbsr, M

NMach number, M

N
\ AL
ImEir Y )
J Ly
A |
%
A |
/ /
T VA , "
-_%hmmlﬂ O [vony v w Q N
Y8 ¥ o ¥ % weo§ ¥ §
Yo pusiarppono pusuou - by Uortoes tﬁv.\.x 4 "
:
9
4 \W\ ™~
| \\KH \
ENENE)
\. / )
/ %
oy \ / «
,oa\m,/ v [ownfo o v N o
¥ ¥ 2 9 e 9w oy o N ¥ @

o .
Yo pusroitenn samt-jourm uoyses uessyy

(b)Cnﬂ "0!2 -



TACA TN No. 1596

T 9..
FIRRY2: 1%
<240 N
. |
A 7 ° w
,, v \ ot
| wg
/ V \ g
v 8
/ / ¥ 5M
- = i1y 8 / ' \ )
(SN[ [otogny o | o % 8 N
- 5
v 3 3§ o 3 § v e ] ¥ ¥ 3
) ) xoc.sm.ﬁa_m%u .\.P.._E_s.m.mxs‘_r&.ﬁumw tsiq._\ _ . R
Q8
Ly _.
S 9
KOBEN
0 p
._Wv
i ©
/T N
Q - \N ! |
, \ 3
ARINR AN °8
/ \ VT 5
\ 73
L / .ﬁnu
/ hD:
ﬂ N K

e
-

¥ ¥ 2w 9 ¥ Y o N ® ®

-~z

Puoe jusiowgtaoo samp-jpuou uorioes uarmy



NACA TN NFo. 1596

—2

~ A |
e

TN k
/LA T .
TRV ) .

_ /
T \
LTI { .
ARANITREEEN \ .
a@z OYOUN Y © N Q Q N
¢ % 8 ¥ o ¥ ¥ ¥ oL ] ¥V
Yo usioieco tuswou- abury Qq.tomw,. t@mm:v "
2
I ©
S .
\m_\ iw |
/,, ﬂr/ 0

AVL L VT \
f\ \ \ °
] : ﬁ A
~ | \ K
o g § 9y [o[v~ogy e [8[TT
2 ¥ ¥ T ¥ o ¥ ¥ o § ¥ o

Q i ]
Us € LUBI0i# 900 520 - |DULIOU UOLLDRS Loy

i« 1.

Figure /0.~ Continusd-

53
M’
g
S -
S
3
N
S
&
)
3
:
2
R
3



Sl RACA TN No. 1596

—®
mla
X ol ]
S ite .
“ .m.
\

S \‘ s ﬂ .@M,

h J L

74 TR I/ N 9 §

f / | / 3

Y [ N

7 ¥S

NAR / 3

IR \ m 2

I,%ﬂm\, apnon ¢ o N 2 Y
¢ v 3 § o ¥§ 3 ¥ e § § &
L U5 pueronson pusuiu-ebully UoHSes UKy Y
n_wn
2
2

%

©

Figurs 10 .~ Continued.

————
6

Y

\ '3
/1 | 5m
L " £
WY, \ | o0
, * ‘%
\ \ ,, @2

&3 (S 08[ [of vuouye | N

€ ¥ ¥ % g ° v ¥ o y y @

Ou O YUBIDIAL 60D @DUOS - [DULIOU UOILOBS LOIB]IY



WACA TR Fo. 1596

9
3 1o
w, —
o9Vl | E
IWH V¥ .
m\ ,/‘r / :
N
4
HEE imm
AN R \ | k
,%,w\,méioa v | |« D S N
Yo yuspaippono quswow - obyiy UoIoBS Uiy
R
Q

]
N

)

.3

60
(dag)
30
/8
/2
6

NNONYE N

.2

9 ¥ N 9 © ¥ ¥ N © N ¥ ©

~ . » ’ . Ie I

o
Us usioifreco 82404 -/buLIoU UolLoes uaidllly

Mach numbsr, M

’4.

Mach number ,NM

(Fle,=0.6.

25

Figure /0 .~ Continuad .



NACA TN Mo. 1596

Figure 10 .~ Continued.

19
1%
™
\ 9
% [ 'y
ENEAN ¥
- S
dINEREE .
| \ o 2
AR L "
FhHimeey e 2 SRBE
Y 8§ ¥ o 3 3§ ¥ ¢y § ¥
T4y Yusioifreeo Jusuow-BBUIY UOLOBS US|y N
L
2
®
90 S
©
™~

T
&

) .

.

Maech number, M

& |
3

Sy
(deg)
30
/8
2
6
4
2
e
L4
)
=12

2

1.6

/4

¥ 2 o © ¥ 8 o N % ¥

~2 - - . 1" |

Pug LLBIDILFEOD GRUDH - |DUIIOU UOHDBS LISy



HACA TN No. 1596

2
aﬂw
N
3
QW
§
v 7
¥ © \\ <
: ‘ AWW
Ey
ARG )
N Q
0 LY N
T ¥ o ¥ %3 ¥ oe 3 ¥ ¥
. . Q . I I | 1* i 1. I
D QUBID (B0 Jusuow— BBUILY UDILORS LIIH 1Y
?
©
- N
3
® 3
il 5
! RN
% S
v 3
2
N
O
JW 3 0 (Y N
I —
¥ X wo e ¥ Y o N % .

Pu, QUBIDIFFE00 GRUCE~] DUIIOU LIOILOBS LIOISYlY

|

3
BS;

.3

0

N

] m

s .

ISR
2
3
.@~
Ty

57



NACA TN No. 1596

.20
16 : // '\\\
? —] //// |\
S8 — T T
h =
2 QK .08
N
04
~TEA 1
0 | |
True —contour aiferon
. — —— Beveled-1railing~edge aileron
Q
u
K .08
BR
010
J.04 i Tt et \
\./ T TTT— ~\\ <
o
O ./ 2 .3 R 5 .6 7 .8
Mach number, M
Figure //.— Variation of, nhorma/-force-coeftic/ent-
Mach riumber 7ot an

curve Slopes “with / . . )
NACA 66, /-1[5 arrrpl/ Section eguipped with
wrnsealed " O.20c plain arlerors:.




.6 s
=
= &
A N —= BN - E
LF i I~ \‘~ ?
T (1 h NN
v .3 ~ o
%‘3 <\ T b
N \_\ "\.A‘ 8
| 2 A
o D o 0. (B)c,,=0.2.
. [ 1] [ ]
Trua—centour aiferon
————Bavakd-trling-edge ailsran
.6
& —
Y = 5_\\
4 P ==
sat \\ B .“\‘
5‘-00 N ‘\\\%\‘ = 1
\Iﬂ, p
i '
0 L1 1] 11
4.2 .8 4 5 & .7 .8 .@ do2 3 4 5 6 7 8 9
Mach number, M Meach numbsr, M

Frgure 12.— Variation of arllercn effectimness (ﬁ)c with Mach rumber for an MACA 66/-/15 2
alrroi! section eguipped  with mm%d C.20¢c plarn alilérons.



.8
? — b T e — — _
| = ol e
[~
N
i~
.
3 ja) ¢, = 0. (o) cp=0.2]
2
True — confour aleron
————— Beraled-Iralling- edge aiteron
.8
.7
Va / — =T .
-6 L ~ //‘
VAN |/ i
Mr .5 o AR
f’ A ; L/’
— =
4 -
3 KC) Ch=0.4. (d) cpm0.6.
A~
2 L T4
-5 -/2 -8 -4 o] < 8 /2 /8 -6 /2 -8 -4 o < 8 /2 /5
Alleron defieciion, &,, deg Alleron defiectlion, &,, deg

Figure 18 .—yariation of crifical Mach number with aiferon deflection for en NACA 66,/-115 airfoll seclion
equipped with unseafed 0.20c plain allerons.

96ST *ON NI VOVN



.06
05
/
od / /
/ ¥
c .08 pda pdis
— I =, ot O I = g
Sl 8 .02 - -1 = —
g
S
O/
(@cp=0. (Bcp=02,
0 | [ | [ 1
—————Trua ~carfour aileron
— —— —Bewled—-trailing-edge aiteren
- .05
'M // ~
c '03 _,"/ \ ":,{’
"""{ r,/// - — -:'"‘/’ ~
S oz = e il A
<
SN—
O/
(C)Cpa 0. (d)cp=06.
o L[] [ 1] s
o .3 -4 5 6 7 .8 ) ) A 2 .3 L ) .6 .7 .8 9
Mach number, M Mach number, M
Ac ‘
D with Mach rumber for an NACA 66,/-//5 airfoil Saection

Figure HM.— Wariarian of

=)

& jc

equipped  with wnsealed Q20c phin ailerons.

965T *ON NI VOVH

9



NACA TN No. 1596

62
02
S0/ T—F
i ) et
—< o
)
K
o/
— |
<02 et
=03
True—contour ailerort
— — — — Beveled-#rdiling-edge aileron
o2
SR
.0/ -
/@
g‘: s o
\__</_'_ N
TO/ X
. \
<02 i
< RAGA
T03 .|
3 A4 5 & .7 .8

o/

2

Mach number, M

Frgure /5.~ Variaiion of a//eron Alnge-rmormen-
A | rerm-

g
coerfrcrens-curve J‘ oves wrr

ber ror an NACA

)y /~/1S_Q/rror,
equijbped  with Unsea/ea’ a2oc

Nac
~seciion
17 Qiferons.




NACA TN No. 1596 : 63

FPressure coefficient, P

=6
=
=2 4
A SN
0 —~~< \Q\ =% \Q\\\
N N ey - s
2 / ’\\\\\ \ i ™ \\\ \t\“
. = - / %:_—jz
4
M=0.25 M=0.35
6 11 [ LT[
Upper surfice Lower surface
/rue —confour aileron ) —_— —_—————
-6 Bereled- fralling-edge aileron — — —  ——-—~—
=4
2
V7 o8 £ S
O “%( \~\_\ B = \\‘\\\‘
LN S WLl [T
2 \ ~ T :.‘l _ ~-h L
4 NI=O0.65 M=0.70
. [T] 11
=6
=4
=2 ]
- =L
0 =R sl
sk 1 R
2 \\: - \\\' =n
. S =
A
M=0.725 M=0.75 e
6 [N 111 L1
-/ 0 / 2 3 4 S 6 =/ 0] / 2 3 4 S5 6
Aileron chord,in. Alleron chord,in.
@ &, =-4"

Figure /6 .— Alleron pressure disfribution for an NACA 66,/-115 airfoil section eguigoed

o

with unsealed O.20c plain ailerons. o=1/°



64 NACA TN No. 1596
=6
4
[ [\,
2 I NN
[ EHIERN TEAN
0 / \¥\ /A —q‘/Q \ /\
\ || skl ) y N
2 ! <] A | I S
. : 71 T~ - —/‘Q ; !.r = \L 1 ’\,i
PR 7 1 7 17
' i | [ar-025 W M-035
6 | [ ] [ ] ]
Upper surface Lower surface
True -confour aileron -
-6 Beveled- f‘rai//ng—edge alleron — — — ———
<4
Qg
- _.'2 AN
.'E l N A \\ B I/‘.‘
.g o 'y L A —ﬂ‘ DR ot e it g I N
&‘: ‘\I >‘2‘ ™ “‘ ;:——\: \\:‘\
8 2 2 i \\\\ 1% : /’ T s N )(
o - l. / ~F~L_ [ __‘,/'\\ u l///r vy _____//,
e 4 L/ {jf
3 M-0.55 M-0.65
L6 [ [ ] [ 1
=6
= NM=0.75
-L“
=2 - f_\ <]
l/ A /\ 4 ™ ,/' N \,
*‘“\7,_‘\\ o~ T - \\ /
0 PR T == E ] \)- 7
\ -l [\ 1 ATl 1T X
P |= | -~ \\,‘& :ﬁ‘ 1/-,——‘—- _ __-/7"75
' ) B T Wi-0.74
4 M=0.70 o
6 | ] LT
-/ o0 |/ 2 3 4 -4 o | 2 3 4 5 6

Alleron chord,in.

(b) &=4"
Fiqu-e /6 .— Concluded.

/_i/'/eron chord, In.




NACA TN No. 1596

022

02

.0/18

0/ 6]

04

.0/2

.0/0

N,

o)

=t

(a) CHLO'

Orag coefficient, C D
- ‘Q b

L0086

(c)c, =0.4.

004

I A |
=

2 3 a4 5 6 7 .8
NMach number, M

9

65

\

(b)c,=0.2.

L]

J 2 3 4 S5 ) 7 8 S
Mach number, M

True—confour alleron
— — —— Beveled-trailing-edge aileron

Figure I7.— Varlalion of wing drag coefficient with Mach number for an NACA 66,/-115
airfoil section eguipped with unsealsed 0.20c plain ailerons. &,=0" Drag dura

from force-test measurements.



